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Peserta seminar yang saya hormati:
As s alamualailatm l4rarahmatullah Wab ar akatuh
Berkat rahmat dan karunia Allah SWT., Seminar Nasional Teknoin 2006 dapat
diselenggarakan. Tema Seminar Nasional Teknoin 2006 adalah "Pengembangan Produk
Berbasis Proses dan Manufaktur" yang relevan dengan usaha pemerintah unfuk
meningkatkan penggunaan sumber daya alam untuk mengurangi ketergantungan impor.
Seminar ini diharapkan sebagai media tukar informasi antar pihak perguruan
tinggi, lembaga peneliti, pemerintah dan pihak industri serta memberikan konstribusi bagi
perkembangan teknologi di Indonesia.
Atas nama seluruh civitas academica Fakultas Teknologi Industri Universitas
Islam Indonesia, saya menyampaikan terima kasih yang sebesar-besarnya kepada semua
pihak yang telah berkontribusi atas terselenggaranya Seminar Nasional Teknoin 2006 ini.
Seminar ini dapat berlangsung karena usaha terbaik dari panitia pelaksana. Terima kasih
secara khusus saya sampaikan kepada Bapak Dr. Ir. Tatang Hernas Soerawidjaja (ITB
Bandung), Dr. Ing. Amir Partowiyatmo (BPPT), Ir. Syaiful Anam, MT. (Kepala Kilang
PUSDIKLAT Migas cepu) dan Bapak Prof. Madya Dr. Jailani M. Noor (uKM Malaysia)
sebagai keynote speaker, dan pihak sponsor yang mendukung kegiatan ini.
Semoga kita semua dapat memetik manfaat dari Seminar Nasional Teknoin 2006.
Selamat berseminar.
Was al amual aikum Warahmatullah l(ab arakatuh
Dekan Fakultas Teknologi Industri
Universitas I lam Indonesia
FathulWahid, ST., MSc.
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As s al amualaikum l4rar ahmatullah Wab arakatuh
Puji syukur kami panjatkan kehadirat Allah SWT, yang berkat rahmat dan
hidayahNya kami dapat menyelenggarakan acara Seminar Nasional Teknoin 2006 ini.
Seminar Nasional Teknoin 2006 ini adalah acara tahunan yang diselenggarakan oleh
Fakultas Teknologi Industri Universitas Islam Indonesia. Pada tahun 2006, seminar ini
tetah memasuki penyelenggaran yang ke empat kalinya, sejak penyelenggaraannyayang
ertama yaitu pada tahun 2002.
Seminar Teknoin adalah suatu acara yang bertujuan terutama untuk meningkatkan
kerjasama dan pertukaran informasi antara pihak perguruan tinggi, lembaga peneliti,
pemerintah dan pihak industri dalam mendorong penerapan hasil penelitian dan
pengembangan teknologi, yaitu pada bidang: teknik tekstil, teknik industri, teknik kimia,
teknik elektro dan teknik mesin. Adapun tema Seminar Teknoin 2006 ini adalah
"Pengembangan Produk Berbasis Proses dan Manufaktur" yang tepat dengan kondisi
aktual perekonomian bangsa yang menuntut tiap komponen untuk kreatif dalam
menciptakan proses dan produk yang inovatif terutama dalam hal pemanfaatan sumber
daya alam yang terbatas.
Dalam Seminar Teknoin 2006 ini terdapat 94 makalah dimasukkan ke dalam
prosiding Seminar Teknoin 2006 (ISBN No. 979-96964-4-5), yang terdiri atas: 4 makalah
bidang Teknik Tekstil,2l makalah bidang Teknik Industri, 15 makalah bidang Teknik
Kimia, 33 makalah bidang Teknik Elektro dan 2l makalah bidang Teknik Mesin. Saya
sebagai ketua umum menyampaikan penghargaan dan terima kasih yang sebesar-besarnya
kepada Dewan Penasihat, Dewan Pengarah dan Panitia Pelaksana yang telah berusaha
maksimal dan bekerjasama dengan baik hingga terlaksananya cara ini. Tak lupa kami
sampaikan juga ucapan terima kasih kepada seluruh pemakalah dan peserta yang telah
berpartisipasi dalam acara ini. Terakhir, kami mohon maaf bila terdapat kekurangan dan
keterbatasan sebelum maupun saat acara ini berlangsung, dan kami mengharapkan saran
dan kritik yang membangun demi perbaikan acara ini pada pelaksanaan berikutnya.
W as s al amual aikum War ahm atullah lhabar akatuh
Yogyakarta, Juli2006
Ketua Umum
Ir. Agus Taufiq, MSc.
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Abstraksi
Tegangan pada sebuah poros prismatik akibat beban luar dapat dihitung dengan memakai persamaan
tegangan dasar. Tegangan ini disebut tegangan nominal. Untuk sebuah poros bertingkat yang dibebani,
misalnya dengan tarik al<sial, tegangan yang dihasilkan lebih tinggi daripada tegangan nominal pada
poros prismatik karena berubahnya distribusi tegangan dan terkonsentrasi pada daerah perubahan
penarnpang. Untuk menghubungkan tegangan mal<simum pada daerah perubahan penampang dengan
tegangan nominal dibutuhkan sebuah faktor yang disebut faktor konsentrasi tegangan. Tulisan ini
menyaiikan grafikfaktor koruentrasi tegongqnyang dapat dipakai langsung dalan desain poros bertingkat
dengan perubahan panampang dari lingkaran ke bujursangkar akibat beban tarik aksial. Grafik tersebut
diturunkan dari hasil kajian metode elemen hingga dan disajikan dalam bentuk grafikyang serupa dengan
graJik Petersonyang sudah dikenal dengan baik.
Kata kunci: poros bertingkat, fahor konsentrasi tegangan, tegangan nominal, metode elemen hingga
Introduction
Shaft is a machine element whose function for power transmission. Shaft is often needed
stepped form (change in cross-section). Example is a rotated shaft with square shoulder for the seat
bearing. In such, the shaft could be subjected to combined loading ofaxial, bending, and torsion [12]
If a shaft is smooth, the resulting stress due to loading can be computed using the elementary stress
equations. This stress is called nominal stress. For a non-smooth shaft (stepped shaft), the elementary stress
equations are no longer hold for calculating the actual stress as the stress would be higher than the nominal
stresses. To relate the maximum stress at the discontinuity with the nominal stress calculated using the
elementary stress equation, a factor is needed which is called stress concentration factor (SCF). The
magnitude ofthis fastor depends on diameter atio, cross-section, radius of fillet and types of loading (axial,
bending, torsion, or their combination).
Stress concentration factor for a stepped shaft of uniform cross-section can be found in many
standard textbook of mechanics of materials 12,3,4, 10, l3]. Until now, the most complete source of graph
of stress concentration factors for various geometry of shaft, bar, and plat is a compendiums by Peterson
[9]. In this compendiums, stress concentration factor ((,) for stepped shaft of uniform cross-section were
plotted as function of non-dimensional geometry. Today state of the art modem literature is also still using
the Peterson's graph for analyzing the stepped shaft ofuniform cross-section, see for example, Kang, et al
[6]. Pan, et al [8] used the Peterson's graph to analyze the torsional vibration ofstepped shaft. Kim and Kim
[7] used the same graph to analyze the stresses at the stepped shaft subjected to axial tension.
In the compendiums of stress concentration factors by Peterson, it cannot be found a graph for
stepped shafl of circular to square cross-section, Baker [] carried out a flnite element study using ALGOR
version 3.18 to obtain the characteristic ofstepped shaft ofcircular to square cross-section subjected to
combined loading of static bending and torsion. In his MSc thesis, Baker investigated three values of
diameter ratio, but did not make the radius of filled varied so graphs that can be used for design purpose
were not produced. To analyze a stepped shaft of circular to square cross-section, it was common to apply
the graph for stepped shaft of uniform circular cross-section of equivalent cross-sectional rea to square
[15]. This was usually done because similar graph for stepped shaft ofcircular to square cross-section was
not available either in textbook or in today state ofthe art modern literature. This paper presents agraph for
design purpose ofstress concentration factor ofstepped shaft ofcircular-to-square cross-section under static
axial tension. The graph was derived from an extensive linier finite element parametric study and presented
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Stress-Concentration Factors
Shaft is an important element in mechanical construction. Shaft is usually has function for power
transmission. Shaft can be found as square cross-section as well as circular cross section, however, majority
of shafts are circular cross-section as its main function is for power transmission. Whereas, shafts of square
cross-section are usually only used for supporting load.
Circular shaft is a rotating element where other elements uch as gears and pulley are mounted.
Such a shaft could be subjected to axial (tension or compression), bending, torsion, or their combination as
shown in Figure l.
Figure 1. A circular shaft subjected to combined loading ofaxial, bending and torsion
In particular application, a shaft of non-uniform area of cross section (stepped shaft) might be
used. Change in area of cross-section of stepped shaft results in stress concentration at the discontinuity, In
order to reduce the effect ofstress concentration at the region ofchange in cross-section, fillet ofradius r is
usually given as shown in Figure 2.
Figure 2. Circular stepped shaft with shoulder or radius r
The ratio of maximum stress at acritical point to the nominal stress is called stress concentration
factor. Stress concentration factors of circular stepped shafts have been given by Peterson [9]. The
magnitude of this factor is a function of non-dimensional parameter D2lDy and rlDy Stress concentration
factor, K1, can be written as:
ff






Where,'f,or circular cross section the nominal stress is given by:
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For a stepped shaft under static loading, the effect ofstress concentration factor is not significant.
However, ifthe shaft is subjected to fluctuated load, equation (4) becomes [2]:
o', = rl (K,o,)' + 3(K,g 
_)' . . .  (5)
Figure 3 and 4 are typical graph of stress concentration factor for uniform square and circular
stepped-shaft respectively. These graphs were taken from the book "stress Concentration Factor" by
Peterson [9]. Similar graph for bending and torsion load can be obtained from the same book.
In the book of Peterson, it cannot be found a graph of stress-concentration factor for a stepped
shaft of circular to square cross-section (Figure 5). In fact, stepped shaft of this form can be found in
practice, such as, the output low speed reducer at mill and diffi:ser station in suguu cane industry [5]. This
paper aims to provide graph of stress concentration factor of stepped shaft of circular to square cross-
section under axial tension that can be used directly for design purpose.
Figure 3. Stress concenfiation factors ofsquare stepped shafts
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Figure 5. Stepped shaft ofcircular to square cross-section
Finite Element Analysis
Figure 5 shows a stepped shaft of circular cross section of diameter D to square cross-section of
diagonal d. Finite element parametric study was carried out for every combination of pararneter D/d and, r/d.
For geometry with particular D/d value, six analyses were done by varying the r/d value. Table I gives the
geometry configuration for parametric finite element study performed.
Table
Figure 6 shows a fypical finite element model of the shaft. The element ype used is the ANSYS 3-
D solid 92 tetrahedron. This element has ten nodes with three degree of freedom at each node: translation in
the 
-x, -y, and -z direction. All nodes at the circular end were fixed and axial tension load was applied at the
square cross section end,
Loaded-end
,--y'-.
Figure 6. Typical finite element model ofstepped shaft ofcircular to square cross-section
Figure 7 shows the axial stress distribution along the shaft due to axial tension. The maximum of
axial stress can be read from the graph. This maximum stress was then recorded for every combination of
pararneter D/d and r/d and divided by the nominal stress for axial tension [see equation (2)]. From this, a
graph in line ofPeterson's for uniform circular stepped shaft can then be plotted.
. Geometric confieuration for
D/d r/d
1.3 0.05 0. 0 0. f 0.20 0,25 0.30
1.5 0,05 0, 0 0 ) 0.20 0.25 0.30
1.7 0.05 0. 0 0 ) 0.20 0,2s 0,30
1.9 0,05 0, 0 0, ) 0,20 0.25 0.30
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square section i I Circular section
b€brn.krlrl, rrd r 0.15, Drd r t5
- -al
' l - - - -
Figure 7. Axial stress distribution due to axial tension load
Results & Discussion 
I
As can be seen from Figure 7, the m'aximum stress located at the region of change in cross-section.
The stress plotted in Figure 7 is the von Mises stress. In fact, this stress is almost the same as the axial
stress, as the load was only a,xial tension. The small different between von Mises and axial stress results
from the effect of Poisson's ratio. The maximum von Mises stresses were then recorded as shown in Table
2:
Table 2 Maximum von Mises stress for various geometry of stepped shaft under axial tension (MPa)
Stress concentration factor can be obtained from Table 2 by dividing the stresses by the nominal
stress. Because the maximum stresses located at the shoulder, exactly at the corner ofthe square part, then




Where P: applied load: 100 N
I = cross-sectional rea of square
. . . (6)
r/d= 0.05 r/d:0.10 r/d = 0.15 r/d = 0.20 r/d:0.25 r /d:0.30
R/d* 1.3 0.061633 0.046082 0.040635 0.03 5l9l
Md:1.5 0.066206 0.048471 0.042187 0.036956 0.034294
Nd= t .7 0.067369 0.049489 0.043 l2 I 0.03751 I 0.034737 0.032924
Md= 1.9 0.069589 0.049667 0.043t76 0.038005 0.03456',1 0.03303 r
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In this analysis, the area of square shaft was constant by setting the value of diagonal of the square constant,
i.e. d= 100 mm, therefore:
.  d2 loo2A- " = 5000mm2
22
From equation (6), the nominal stress is:
l00N6 =___ = 0.02 IVpa.
- nom Sooomm-
By dividing the maximum stresses in Table 2 by this nominal stress, stress concentration factors were
obtained as shown in Table 3. A graph ofstress concentration factors can then be plotted from Table 3 as
shown in Figure 8.
As can be seen from Figure 8 stress concentration factors increase as the diameter to diagonal ratio
increase and decrease as the radius of filled to diagonal ratio increase. The graph shows a similar trend to
the well-known Peterson's graph for stress-concentration factors for stepped shafts of uniform circular of
sguare cross-section. By comparing Figure 8 with Figure 3 and 4, it seems that the effect of diameter to
diagonal ratio, D/d, is not significant. It should be noted, however, that the spectrum of this ratio is small
compared with Figure 3 and 4. A wide rugeof D/d values should be included and this is the subject of
further publication elsewhere.
Figure 8. Stress concentration factor ofstepped shaft ofcircular to square cross section under axial tension
Conclusion
A graph for stress concentration factors of stepped shaft of circular to square cross section under
axial tension load was produced. This graph was derived from parametric finite element study and can be
directly used tbr design purpose. This graph shows a similar trend to the well known Peterson's graph for
stress concentration factors ofuniform circular or square stepped shaft.
able 3. Stress concentration for of al
r/d = 0.05 r/d = 0.10 r/d= 0.15 r/d:0.20 r/d:0.25 r/d = 0.30
IUd= .3 3.08 r7 2.3041 2.03 t8 7596
tud= 5 3.3103 2.4236 2.1094 .8478 1.7 147
Md= 7 3.3685 2.4745 2.t561 .87s6 1.7369 t.6462
Md= 9 3.4795 2.4834 2, I  588 9003 1.7284 1.65t6
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